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Abstract

This analysis was done to test the hypothesis that living close to haz-
ardous waste sites included on the US Environmental Protection Agency’s
National Priorities List (NPL) might be associated with an increased risk for
brain cancer. A total of 2,556 cases of primary brain cancer (code 191 of the
International Classification of Diseases [ICD-9]) received from the New Jersey
State Cancer Registry for the years 1986 through 1990, were geocoded using
the Matchmaker 2000 address-matching program from Geographic Data
Technology. Of the 2,556 cases, 178 (6.96%) could not be geocoded, 1 (0.04%)
was found to be in another state, and 226 cases (8.84%) reported from death
certificates only were excluded, leaving 2,151 cases (84.15%). The NPL sites in
the state were mapped using a geographic information system (GIS), and 1-
mile buffers were created around each of them. These areas were analyzed for
excess brain cancer. Also, the average distance between cases and the nearest
NPL site was determined. There were 177 cases (8.23%) within 1 mile of an
NPL site. Using total population data from 112 NPL sites in New Jersey, there
were 1,031,504 (13%) persons living within 1 mile of an NPL site. No elevated
cancer incidence rates were found in the analyzed areas. Also, the sites were
classified according to known off-site contamination. No statistically signifi-
cant differences were found among either cases’ age or distance from the near-
est site in relation to the primary site contaminant. This analysis can be useful
as a tool for developing more in-depth environmental health hypotheses.
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Introduction

The federal Agency for Toxic Substances and Disease Registry (ATSDR) is developing
a surveillance system using cancer registry data from states to identify potential pat-
terns between the occurrence of brain cancers in those states with US Environmental
Protection Agency National Priorities List (NPL) sites and possible exposures to haz-
ardous substances (1). Selected cancers is one of ATSDR’s priority health conditions (2).
Exposures to several chemicals that have been associated with an increased incidence
of primary brain cancer (3) might be occurring at hazardous waste sites included on the
NPL and a concern has been expressed about the rates of primary brain cancer around
some of these sites. Initially, six states—California, Florida, Massachusetts, New York,
Pennsylvania, and Virginia—were included in the project. Virginia was dropped,
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however, because address data were not available, and New Jersey was added in re-
sponse to a reported cluster of childhood brain cancer and leukemia in the Tom’s River
area. New Jersey brain cancer incidence data from 1986 through 1990 are used for this
analysis. Census data for 1990 were used to obtain denominator data for census tracts
and counties. Residence location at the time of diagnosis was used for the geographic
analysis of cases. The analysis used year, age, residence at diagnosis, type of tumor,
race, and sex of the cases.

Goal

The goal of the analysis was to test the hypothesis that living close to hazardous waste
sites included on the NPL might be associated with an increased risk for brain cancer.

Objectives

The objectives of the analysis were:

• To compare the incidence rate of brain cancer among residents living within 1
mile of an NPL site with that of all New Jersey residents.

• To compare brain cancer incidences according to the off-site contamination of
the nearest NPL site to find out whether there is an association between envi-
ronmental contamination and brain cancer occurrence.

Data

Case Data Source
The Cancer Registry Program of the New Jersey Department of Health and Senior
Services provided for analysis the street addresses of 2,556 cases of primary brain can-
cer (code 191 of the International Classification of Diseases [4]) diagnosed in New Jersey
from 1986 through 1990.

NPL Sites in New Jersey
The information on NPL sites in New Jersey was obtained from the HazDat database
on ATSDR’s Internet home page (http://atsdr1.atsdr.cdc.gov:8080/hazdat.html). In
particular, the HazDat Sensitive State Map (http://atsdr1.atsdr.cdc.gov:8080/haz-
usa1.html) was used to obtain the details of site location, chemical content, and extent
of on- and off-site contamination. Where NPL sites were found to be within 1 mile of
any of the primary brain cancers included in the analysis, the sites were classified by
whether there was known off-site contamination.

Methods

Outline
For the purpose of this analysis, the incidence rate of brain cancer among New Jersey
residents living within 1 mile of an NPL site was compared with that of all New
Jersey residents. The observed number of cases was compared with the expected
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number by the standardized incidence ratio (SIR) and its 95% confidence interval. Also,
an additional analysis was implemented using cancer cases grouped by the nearest
NPL site’s off-site contamination to find out whether there was an association between
environmental contamination and brain cancer occurrence. Student’s t-test was used to
assess the statistical significance of the difference between the above-mentioned groups
of cases.

Geocoding
The file obtained from the New Jersey Cancer Registry Program was cleaned to ensure
consistency of town and street names. The plus-4 codes were added to the zip codes of
streets from the US Postal Service’s Zip+4 State Directory for New Jersey (5). Street ad-
dresses were geocoded using the Matchmaker 2000 address-matching program from
Geographic Data Technology (Lebanon, NH). Cases whose addresses were missing or
were just post office box numbers were removed from the file before geocoding. The
geocoded file was exported into a dBASE format to use in ARC/INFO (Environmental
Systems Research Institute, Redlands, CA). The dBASE file was converted to an Info file
and projected onto a coverage of New Jersey. Half-mile and 1-mile buffers were created
around the NPL sites in the state (6). Cases falling within those buffers were extracted
and a new file containing the sites within buffers was created. In addition, the NEAR
command in ARC/INFO was run to determine the average distance between cases and
the nearest NPL site. A data file was created with the cases, the nearest NPL site for each
case, and the distance to that site.

Expected Number of Cancer Cases
The expected numbers of cancer cases were calculated for the 1990 population using the
stratum-specific incidence rates observed in New Jersey (the standard population) dur-
ing the period 1986 through 1990. The expected number of cases was calculated for each
stratum first, as a product of the New Jersey incidence rate and the size of the stratum
within 1 mile of an NPL site, and then summed over the strata. The number of cases ex-
pected annually from 1986 through 1989 was assumed to be equal to that estimated
for 1990.

The Standardized Incidence Ratios Estimate
Standardized incidence ratios (SIRs) were used for quantitative analysis of brain cancer
incidence in the 1-mile areas around the NPL sites. An SIR is calculated by dividing the
observed number of cases by an expected number for the investigated population over
the time period reviewed. The observed number of cancer cases for this analysis was
provided by the New Jersey State Cancer Registry. The expected number of cancer cases
was calculated using average annual State of New Jersey age- and sex-specific inci-
dence rates from 1986 through 1990. The comparison rates were provided to ATSDR by
the New Jersey State Cancer Registry. The lower and upper limits of the 95% confidence
interval were calculated for each SIR using the Poisson distribution (7).

Results

There were 2,556 cases in the original data set with one duplicate case found. Of that
total, 145 (5.7%) did not include any address information and 33 (1.3%) were post office
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box numbers.  Those 178 cases (7.0%) were removed from the file before address match-
ing was done. An additional 83 cases had no street address and 3 cases had unidentifi-
able street addresses. After the address matching, there were 2,114 matches to street
address (82.7%), 37 (1.5%) matched to the zip+4 centroid, 30 (1.17%) matched to the
zip+2 centroid, and 195 (7.6%) matched to the zip code centroid. One of the zip code
matches (0.04%) was removed when it was found to be in New York. Thus, 2,377 cases
were in the final match for a match rate of 93%. In addition, 226 cases (8.84%) reported
from death certificates only were excluded, leaving 2,151 cases (84.15%). Exclusion of
the cases reported from death certificates only was based on the assumption that they
were not primary brain cancer cases but likely were metastases. These 226 cases had an
unspecified histological code 8000/3 (“malignant neoplasm,” International Classification
of Diseases for Oncology, Morphology [8]). In addition, 74% of these cases were 45 years of
age or older, while 62% of them were 55 years of age or older. Exclusion of these cases
from this analysis did not influence the findings because just 3 (1.32%) of them were
within a half-mile of an NPL site. Another 22 cases (9.74%) were within 1 mile of an
NPL site but were further than a half-mile, while 110 cases (47.8%) were further than 3
miles from an NPL site.

There were 177 cases (8.23%) within 1 mile of an NPL site and 54 cases (2.51%)
within a half-mile of an NPL site. Using the total population data from 112 NPL sites in
New Jersey, there were 1,031,504 persons living within 1 mile of an NPL site in the state.
The total population of New Jersey was 7,730,188, so 13% of the total population lived
within 1 mile of one of those 112 sites. The average distance between the nearest NPL
site and any of the cases was 6,265.55±4,324.48 meters (3.89±2.69 miles). Of the 112 NPL
sites in New Jersey, 58 (51.79%) were found to be within 1 mile of at least one brain can-
cer case included in the analysis.

The most frequent histologic types of cancer among the cases within 1 mile of an
NPL site were glioblastoma multiforme and astrocytoma (39.53% and 37.85%, respec-
tively). The rarest types were ependymoma (0.56%), medulloblastoma (1.13%), and
meningioma (1.69%). No nerve sheath tumors were diagnosed in this population dur-
ing the period studied (Table 1).
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Table 1 Histologic Types of Brain Cancers among New Jersey Residents Living within 1 Mile
of an NPL Site, by Year of Diagnosis

Histologic Type ICD-Oa Codes 1986 1987 1988 1989 1990 Total

Astrocytoma (9400–9421) 9 10 16 13 19 67

Glioblastoma multiforme (9440–9442) 12 11 17 12 18 70

Oligodendroglioma (9450–9460) 1 — 1 2 — 4

Medulloblastoma (9470–9472) — 2 — — — 2

Ependymoma (9391–9394) 1 — — — — 1

Other gliomas (9380–9383) 1 10 2 5 5 23
(9422–9430) — — 1 1 1 3

Meningioma (9530–9539) 2 — 1 2 2 7

Other brain cancers —

Total 26 33 38 35 45 177

a International Classification of Diseases for Oncology, Morphology (8)



The highest number of brain cancers within 1 mile of an NPL site was diagnosed
among Caucasian males (61.02%), while the lowest was found among non-Caucasian
females and males (1.13% and 3.95%, respectively).

Table 2 presents by age group the observed and expected numbers of cases, SIRs,
and lower and upper limits of the 95% Poisson confidence interval within 1 mile of an
NPL site. The expected numbers in this table were based on the incidence rates ob-
served in New Jersey from 1986 through 1990. The values for each age group, as well as
for all ages combined, were smaller than expected.

Table 3 shows distribution of the cases within 1 mile of an NPL site according to the
primary contamination at the closest NPL site. A total of 51 (88%) NPL sites had known
off-site contamination. Of those, 30 sites (52%) were contaminated by volatile organic
compounds (VOCs) and 21 sites (36%) were contaminated by metals, polychlorinated
biphenyls (PCBs), or radiation. A total of 143 cases (81%) were found within 1 mile of
an NPL site with known off-site contamination. Of those, 74 cases (42%) were found in
proximity to VOC-contaminated sites and 69 (39%) were in proximity to sites charac-
terized by other contaminants.

Discussion

This analysis did not indicate that residence near an NPL site in New Jersey at time of
diagnosis increased the incidence of brain cancer. The observed numbers of brain can-
cer within a 1-mile radius of an NPL site were lower than expected in total and in each
age category. Also, histologic types of the brain cancers diagnosed in these residents
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Table 3 Brain Cancer Cases within 1 Mile of NPL Sites, by Primary Off-Site Contamination,
New Jersey, 1986–1990

Known Off-Site Contamination

No Known Off-Site 
VOCs Metals PCBs Radiation Contamination

Cancer cases 74 26 15 28 34

NPL sites 30 13 2 6 7

Table 2 Standardized Incidence Rates (SIRs) and 95% Confidence Intervals (CI) for Brain
Cancer, 1 Mile from NPL Sites, New Jersey, 1986–1990

Number of Cases

Age Groups Observed Expected SIR 95% CI Lower–Upper

0–14 19 25 0.76 0.46–1.20

15–44 41 60 0.68 0.49–0.93

45–64 50 83 0.60 0.45–0.75

65+ 67 109 0.62 0.48–0.78

Total 177 277 0.64 0.55–0.74



and their age, sex, or racial distributions did not differ from those of other New Jersey
residents. However, there are many limitations in this type of analysis that should be
considered when interpreting these results. One of the major limitations in projects in-
volving GIS methods is the quality of the geocoding of cases. Typical address matching
rates range from 20% up to 95% for rural states (9). This particular investigation had an
extraordinary geocoding rate of 93%. At the same time, however, a group of 178 cases
(6.96%) whose addresses were missing or just post office box addresses were removed
from the dataset prior to analysis. In addition, addresses of 261 cases (10%) were in-
complete, so they were geocoded to either zip+ or zip code centroids. Given the rela-
tively small number of cases, this could have had an impact on the findings. In
particular, there is a possibility that some of these cases were within a 1-mile buffer zone
around an NPL site but were excluded because of geocoding errors. Another limitation
in this analysis was the use of addresses available only at the time of diagnosis. Such in-
formation might not have reflected where a person got his or her exposure due to a la-
tency period in the development of cancers and the high mobility in the US population.
Should these issues be resolved, an association between living close to an NPL site and
brain cancer occurrence could be either stronger or weaker than was found.

Also, the sites were classified and analyzed by known off-site contamination. A lim-
ited number of the brain cancer cases lived within 1 mile of an NPL site in New Jersey
(177 cases, 8.23%), making it impossible to look for associations with specific chemicals
or agents, such as ionizing radiation, and forcing investigators to group them into VOC
and non-VOC cases with near equal numbers of cases in each of the groups. No statis-
tically significant differences were found among cases’ age, histological type of tumor,
or distance from the nearest site in relation to the primary site contamination. No dif-
ferences were found either when comparing the cases within the area of sites with
known off-site contamination versus those with unknown off-site contamination.

It should be noted that the overall impact of residential proximity to NPL sites is
unknown. No clear association has been found between health effects in humans and
hazardous waste sites either (10,11,12). Overall, small sample size, lack of individual ex-
posure data, poor hazardous site selection for analysis, and inappropriate health effects
for the toxic substances being studied could have led to negative findings in some cases,
as well as possible erroneous positive findings (11). The 1-mile radius buffer zone was
chosen for this analysis as the smallest geographic area (with the shortest proximity to
possible sources of exposure) in which the number of cases was large enough to pro-
vide measurable statistical power for analysis of such a rare health event as brain can-
cer. At the same time, estimation of relative risk (brain cancer incidence rates within a
half-mile versus 1 mile) could be useful and prove a valuable addition, as could com-
parison of local rates to the state and national cancer rates. The small number of brain
cancers diagnosed within a half-mile of NPL sites in New Jersey (54 cases, 2.5%) made
it impossible to implement this approach for this particular analysis. However, it
should be considered for future investigation when brain cancer incidence data from
several states are available.
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